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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a 
piezoelectric electroacoustic transducer, 
capable of constituting a bimorph-type 
diaphragm by simple connecting structure by 
eliminating the mutual connection of a main 
surface electrode and internal electrode. 
SOLUTION: Two or three piezoelectric 
ceramics layers 31 and 32 are laminated to 
form a laminated product, main surface 
electrodes 33 and 34 are formed on the 
front/rear surface of this laminated product, 
and an internal electrode 35 is formed 
between each of the layers 31 and 32. All the ceramics layers 31 and 32 are 
polarized in the same direction in the direction of thickness, and an alternating 
signal is impressed between the electrodes 33, 34 and the electrode 35 to allow 
the laminated product to generate bending oscillation as a whole. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Carry out the laminating of two-layer or the three-layer electrostrictive 
ceramics layer, and a layered product is formed. A principal plane electrode is 
formed in the front flesh-side principal plane of this layered product, and an 
internal electrode is formed between each ceramic layer. It is the piezo-electric 
mold electroacoustic transducer which polarization of all the ceramic layers is 
carried out in the same direction in the thickness direction, and is impressing an 
alternation signal between the above-mentioned principal plane electrode and an 
internal electrode, and is characterized by the above-mentioned layered product 
producing crookedness vibration as a whole. 

[Claim 2] The above-mentioned internal electrode is a piezo-electric mold 
electroacoustic transducer according to claim 1 characterized by connecting with 



the end-face electrode formed in the end face of a layered product, and 
impressing an alternation signal between the above-mentioned end-face 
electrode and two principal plane electrodes. 

[Claim 3] It is the piezo-electric mold electroacoustic transducer according to 
claim 1 or 2 which the above-mentioned layered product consists of three-layer 
ceramic layers, and is characterized by the thickness of a middle ceramic layer 
being 50% - 80% of the thickness of the whole layered product. 
[Claim 4] The above-mentioned layered product is a piezo-electric mold 
electroacoustic transducer according to claim 1 to 3 which carries out the 
laminating of the ceramic green sheet of two-layer or three layers through an 
electrode layer, is impressing an electrical potential difference to the principal 
plane inter-electrode which consisted of a sintered compact calcinated and 
obtained by coincidence, and was formed in the front flesh-side principal plane of 
the above-mentioned layered product, and is characterized by coming to polarize 
all ceramic layers in the same direction in the thickness direction. 
[Claim 5] The above-mentioned layered product is formed in rectangle tabular, 
and it holds in the case where the above-mentioned layered product has opening 
on the inferior surface of tongue, and has a sound emission hole on the top face. 
Two sides which the above-mentioned layered product counters are supported 
by the supporting agent by the supporter formed in the medial-surface opposite 
section of the above-mentioned case. The closure of the clearance between 
other two sides of the above-mentioned layered product and the medial surface 
of the above-mentioned case is carried out with elastic encapsulant. The piezo- 
electric mold electroacoustic transducer according to claim 1 to 4 characterized 
by being closed with the back lid with which the opening of the above-mentioned 
case has the electrode for external connection connected to the principal plane 
electrode and internal electrode of the above-mentioned layered product. 
[Claim 6] The above-mentioned layered product is formed in rectangle tabular, 
and the above-mentioned layered product has opening on the top face. It holds in 
the case where it has the electrode for external connection connected to the 



principal plane electrode and internal electrode of the above-mentioned layered 
product. Two sides which the above-mentioned layered product counters are 
fixed to the supporter formed in the medial-surface opposite section of the above- 
mentioned case by the supporting agent. The piezo-electric mold electroacoustic 
transducer according to claim 1 to 4 which the closure of the clearance between 
other two sides of the above-mentioned layered product and the inside of the 
above-mentioned case is carried out with elastic encapsulant, and is 
characterized by closing top-face opening of the above-mentioned case by the 
top cover which has a sound emission hole. 

[Claim 7] The above-mentioned layered product is formed in rectangle tabular, 
and it holds in the case where the above-mentioned layered product has opening 
on the inferior surface of tongue, and has a sound emission hole on the top face. 
Four sides of the above-mentioned layered product are fixed to the supporter 
formed in the medial surface of the above-mentioned case by the supporting 
agent. The piezo-electric mold electroacoustic transducer according to claim 1 to 
4 characterized by being closed with the back lid with which the opening of the 
above-mentioned case has the electrode for external connection connected to 
the principal plane electrode and internal electrode of the above-mentioned 
layered product. 

[Claim 8] The above-mentioned layered product is formed in rectangle tabular, 
and the above-mentioned layered product has opening on the top face. It holds in 
the case where it has the electrode for external connection connected to the 
principal plane electrode and internal electrode of the above-mentioned layered 
product. The piezo-electric mold electroacoustic transducer according to claim 1 
to 4 with which four sides of the above-mentioned layered product are fixed to 
the supporter formed in the medial surface of the above-mentioned case by the 
supporting agent, and top-face opening of the above-mentioned case is 
characterized by being closed by the top cover which has a sound emission hole. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This inventions are piezo-electric mold electroacoustic 
transducers, such as a piezo-electric earphone, a piezo-electric sounder, a 
piezoelectric loudspeaker, and a piezo-electric buzzer, and a thing especially 
about the structure of the diaphragm. 
[0002] 

[Description of the Prior Art] Conventionally, the piezo-electric mold 
electroacoustic transducer is widely used for the piezo-electric earphone, the 
piezo-electric buzzer, etc. This kind of piezo-electric mold electroacoustic 
transducer has the common thing of the structure which stuck the circular metal 
plate on one side of a piezo-electric circular ceramic plate, constituted the uni- 
morph mold diaphragm, supported the periphery section of this diaphragm in the 
circular case, and closed opening of a case with covering. However, since in the 
case of a uni-morph mold diaphragm the ceramic plate which an outer diameter 
expands and contracts is pasted up on the metal plate which does not carry out a 
dimensional change and crookedness vibration is obtained by electrical-potential- 
difference impression, there is a fault of being small, the amount of displacement, 
i.e., sound pressure. 



[0003] Then, the bimorph mold diaphragm of a laminated structure which 
consists of two or more electrostrictive ceramics layers is proposed (JP,61- 
2051 00,A). This diaphragm carried out the laminating of two or more ceramic 
green sheet and two or more electrodes, and the sintered compact calcinated 
and obtained by coincidence was used for it, and it has connected inter-electrode 
electrically by the through hole formed in the location which does not restrain 
vibration of a diaphragm. And compared with a uni-morph mold, the amount of 
big displacement, i.e., big sound pressure, can be obtained with constituting so 
that the 1st and 2nd oscillating fields arranged in order in the thickness direction 
may vibrate to hard flow mutually. 
[0004] 

[Problem(s) to be Solved by the Invention] However, after connecting the 
electrode of one principal plane, and one internal electrode mutually through the 
through hole and connecting the principal plane electrode of another side, and 
the internal electrode of another side mutually through a through hole as shown 
in Fig. 17 of the above-mentioned official report when crookedness vibration of 
the diaphragm which becomes in the case of the above-mentioned bimorph mold 
diaphragm (for example, a three-layer ceramic layer) tended to be carried out, it 
is necessary to impress an alternation electrical potential difference among both. 
Therefore, the complicated interconnect between a principal plane electrode and 
an internal electrode may have been needed, and it may have become cost 
quantity. 

[0005] Moreover, also when performing polarization processing to the above- 
mentioned layered product, an electrical potential difference must be impressed 
and polarized between an internal electrode and the principal plane electrode of 
a front flesh side. For example, in the case of the diaphragm of a three-tiered 
structure, as shown in Fig. 14 of the above-mentioned official report, between a 
bond, this electrode for connection, and the principal plane electrode of a front 
flesh side, the high voltage is impressed and an internal electrode and two 
through holes through which it flows are polarized with the electrode for 



connection. Thus, in the case of the conventional bimorph mold diaphragm, the 
internal electrode needed to be pulled out outside through the through hole for 
polarization processing, and there was a fault of needing the complicated 
processing of forming the electrode for connection etc. 
[0006] Then, the purpose of this invention loses interconnect with a principal 
plane electrode and an internal electrode, and is to obtain the piezo-electric mold 
electroacoustic transducer which can constitute a bimorph mold diaphragm from 
easy connection structure. Moreover, other purposes are to obtain the piezo- 
electric mold electroacoustic transducer which can perform polarization 
processing easily. 
[0007] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, 
invention according to claim 1 Carry out the laminating of two-layer or the three- 
layer electrostrictive ceramics layer, and a layered product is formed. A principal 
plane electrode is formed in the front flesh-side principal plane of this layered 
product, and an internal electrode is formed between each ceramic layer. In the 
thickness direction, polarization of all the ceramic layers is carried out in the 
same direction, it is impressing an alternation signal between the above- 
mentioned principal plane electrode and an internal electrode, and the above- 
mentioned layered product offers the piezo-electric mold electroacoustic 
transducer characterized by producing crookedness vibration as a whole. 
[0008] If an alternation electrical potential difference is impressed between a 
principal plane electrode and an internal electrode in the case of the layered 
product of this invention, the direction of electric field committed in the ceramic 
layer on a side front and a background will turn into hard flow in the thickness 
direction. On the other hand, all ceramic layers have turned to the direction of 
polarization in the same direction in the thickness direction. Electrostrictive 
ceramics has the property shrunken in the direction of a flat surface, if the 
direction of polarization and the direction of electric field are the same directions, 
and if the direction of polarization and the direction of electric field are hard flow, 



it has the property extended in the direction of a flat surface. Therefore, when 
impressing the alternation electrical potential difference as mentioned above and 
the ceramic layer on a side front is prolonged, the ceramic layer on a background 
will be shrunken and a layered product will produce crookedness vibration as a 
whole. Since this amount of displacement becomes large compared with a uni- 
morph mold diaphragm, sound pressure also increases. 
[0009] In this invention, if the principal plane electrode of a front flesh side is 
connected mutually and an alternation electrical potential difference is impressed 
between this and an internal electrode, since crookedness vibration can be 
generated, the complicated interconnect between a principal plane electrode and 
an internal electrode becomes unnecessary like before, structure becomes easy, 
and processing cost can be reduced. 

[0010] It is desirable to connect an internal electrode with the end-face electrode 
formed in the end face of a layered product like claim 2, and to impress an 
alternation signal between the above-mentioned end-face electrode and two 
principal plane electrodes. In this case, exceptional processing of a through hole 
etc. is not needed. 

[0011] Like claim 3, when the layered product consists of three-layer ceramic 
layers, it is desirable to make thickness of a middle ceramic layer into 50% - 80% 
of the thickness of the whole layered product. Although what is necessary is just 
to increase the number of laminatings of a layered product in order to raise 
sound pressure, when thickness is being fixed by resonance frequency, the 
number of laminatings cannot be increased freely, either. Since there is no 
potential difference between two internal electrodes in the case of the layered 
product of a three-tiered structure, an interlayer will not contribute to crookedness 
vibration but only the ceramic layer on a side front and a background will carry 
out crookedness vibration. A ceramic layer has so large that the thickness is thin 
the amount of displacement. Then, if the thickness of the whole layered product 
is set constant and an interlayer's thickness is relatively thickened to the 
thickness of a front lining, the thickness of the ceramic layer on the side front 



which contributes to crookedness vibration, and a background will become thin 
relatively, and the big amount of displacement will be obtained. In addition, if an 
interlayer's thickness is enlarged too much, the thickness of a front lining will 
become thin too much, reinforcement will fall, and a big variation rate will not be 
obtained. Then, big sound pressure can be obtained by making an interlayer's 
thickness into 50% - 80% of the whole range. 

[0012] It is impressing an electrical potential difference to the principal plane 
inter-electrode which consisted of a sintered compact with which a layered 
product's carries out the laminating of the ceramic green sheet of two-layer or 
three layers through an electrode layer, calcinates it to coincidence, and is 
obtained like claim 4, and was formed in the front flesh-side principal plane of a 
layered product, and it is desirable to polarize all ceramic layers in the same 
direction in the thickness direction. That is, although it is also possible to carry 
out two or more sheet laminating adhesion of the ceramic plate which calcinated 
beforehand and carried out polarization processing, and to obtain a layered 
product, now, thickness of a layered product cannot be made thin but sound 
pressure is small. On the other hand, if an electrode layer is carried out in 
between, and the laminating of the ceramic green sheet is carried out and it 
carries out coincidence baking, a very thin layered product can be obtained and 
high sound pressure can be obtained. And since the direction of polarization of 
each ceramic layer of a layered product has turned to the same direction, 
polarization processing becomes very easy that the polarization processing does 
not need to impress an electrical potential difference between an internal 
electrode and a principal plane electrode like before, and should just impress an 
electrical potential difference between the principal plane electrodes of a front 
flesh side. 

[0013] When holding the above-mentioned layered product in housing and using 
as the sounding body like a piezo-electric earphone or a piezo-electric sounder, it 
can consider as structure [ like ] according to claim 5 to 8. That is, claims 5 and 6 
are the examples suitable for the application as an earphone, and since they 



correspond to the frequency of a large range, they are used in fields other than a 
resonance field. Therefore, since the vibrational energy of a layered product is 
comparatively small, only two sides which a layered product counters are 
supported in a case, and two sides have structure closed free [ displacement with 
an elastic closure object ] for others. On the other hand, claims 7 and 8 are the 
examples suitable for the application of a piezo-electric sounder etc., and since 
they correspond to the amount of Oto in single frequency, they are used in a 
resonance field. In this case, since the vibrational energy of a layered product is 
very large, it has structure which supported all four sides of a layered product in 
the case. Since the principal plane electrode and internal electrode of a layered 
product can be pulled out to the exterior of housing, without using lead wire, any 
structure can constitute them as a surface mounted device. 
[0014] 

[Embodiment of the Invention] Drawing 1 and drawing 2 show the 1st example of 
the piezo-electric mold electroacoustic transducer concerning this invention. This 
piezo-electric mold electroacoustic transducer consists of a disc-like diaphragm 
(layered product) 1 , and the circular case 1 0 and the back lid 1 1 which held this 
diaphragm 1. The sound emission hole 12 was formed in the top face of a case 
10, and the back lid 11 has pasted the opening. The terminals 13 and 14 for 
external connection were fixed to the position of symmetry of the periphery 
section of a case 10 in insert molding etc., and some terminals 13 and 14 are 
exposed inside a case 10. The electrode of a diaphragm 1 is electrically 
connected to the inside outcrop of terminals 13 and 14 by electroconductive glue 
15 and 16. In addition, the closure of the clearance between the periphery 
section of diaphragms 1 other than the part which applied electroconductive glue 
15 and 16, and a case 10 is carried out with. elastic encapsulants (not shown), 
such as silicone rubber. 

[0015] A diaphragm 1 carries out the laminating of the two-layer electrostrictive 
ceramics layers 2 and 3 which consist of PZT etc., as shown in drawing 3 and 
drawing 4 , the principal plane electrodes 4 and 5 are formed in the front flesh- 



side principal plane of a diaphragm 1, and the internal electrode 6 is formed 
among the ceramic layers 2 and 3. As a thick wire arrow head shows to drawing 
4 , in the thickness direction, polarization of the two ceramic layers 2 and 3 is 
carried out in the same direction. 

[0016] In this example, the principal plane electrode 4 on a side front and the 
principal plane electrode 5 on a background are formed in a round shape a little 
smaller than the diameter of a diaphragm 1 , and those drawer electrodes 4a and 
5a are pulled out to the periphery edge of a diaphragm 1 . It is mostly formed in a 
symmetry configuration with the principal plane electrodes 4 and 5, drawer 
electrode 6a of an internal electrode 6 is mostly pulled out with the above- 
mentioned drawer electrodes 4a and 5a to the position of symmetry, and the 
internal electrode 6 is connected to the end-face electrode 7 prepared in the end 
face. In addition, some end-face electrodes 7 are pulled out to the front rear face 
of a diaphragm 1. The above-mentioned drawer electrodes 4a and 5a are 
connected with a terminal 13 by electroconductive glue 15, and the end-face 
electrode 7 is connected with the terminal 14 by electroconductive glue 16. And 
crookedness vibration of the diaphragm 1 can be carried out by impressing a 
predetermined alternation electrical potential difference among terminals 13 and 
14. 

[0017] For example, if the electrical potential difference of minus and the 
electrical potential difference of plus to the other-end child 14 are impressed to 
one terminal 13, the electric field of the direction shown by the thin line arrow 
head of drawing 4 will arise. Since the ceramic layers 2 and 3 have the property 
shrunken in the direction of a flat surface if the direction of polarization and the 
direction of electric field are the same directions, and it has the property 
extended in the direction of a flat surface if the direction of polarization and the 
direction of electric field are hard flow, the ceramic layer 2 on a side front will be 
shrunken and the ceramic layer 3 on a background will be extended. Therefore, a 
diaphragm 1 is crooked so that a core may serve as a convex to a lower part. An 
alternation electrical potential difference, then a diaphragm 1 can produce 



crookedness vibration for the electrical potential difference impressed to 
terminals 13 and 14 periodically, and the sound of big sound pressure can be 
generated by this. 

[0018] The diaphragm 1 which consists of the above-mentioned configuration is 
manufactured by the following approaches. That is, an electrode layer is formed 
in the front face of the ceramic green sheet of a mother substrate condition at a 
pattern predetermined by technique, such as printing, the laminating of this one 
ceramic green sheet and the one ceramic green sheet which does not form the 
electrode layer is carried out, and it is stuck by pressure. Next, it pierces or cuts 
into the configuration corresponding to a diaphragm 1 from this layered product. 
Next, coincidence baking of punching or the cut layered product is carried out, 
and a sintering layered product is obtained. Next, a principal plane electrode is 
formed in the front flesh-side principal plane of a sintering layered product, and 
all the ceramic layers that constitute a layered product are polarized in the same 
direction in the thickness direction by impressing polarization voltage to these 
principal plane inter-electrode. Then, the end-face electrode 7 etc. is formed and 
a diaphragm 1 is obtained. 

[0019] By the above-mentioned manufacture approach, after piercing the ceramic 
green sheet of the mother substrate condition by which the laminating was 
carried out in an individual configuration, it calcinated and polarization processing 
was carried out after that, but after calcinating the ceramic green sheet by which 
the laminating was carried out, polarization processing may be carried out in the 
state of a mother substrate, and you may cut into an individual configuration by 
after that In this case, what is necessary is just to use well-known approaches, 
such as laser processing, in order to cut a sintered compact. 
[0020] Drawing 5 and drawing 6 show the 2nd example of the piezo-electric mold 
electroacoustic transducer concerning this invention. Although the electrode of a 
diaphragm 1 was pulled out to the exterior in drawing 1 and drawing 2 using the 
terminals 13 and 14 fixed to the case 10, lead wire 20 and 21 is used in drawing 
5 and drawing 6 . In this case, lead wire 20 and 21 is connected to the principal 



plane electrode 5 and the end-face electrode 7 by the side of the rear face of a 
diaphragm 1 by cement 22 and 23, such as solder and electroconductive glue, 
respectively. Therefore, the principal plane electrodes 4 and 5 of a front flesh 
side may be mutually connected using electroconductive glue, and the principal 
plane electrodes 4 and 5 may be beforehand connected with an end-face 
electrode. 

[0021] Drawing 7 and drawing 8 show the 3rd example of the piezo-electric mold 
electroacoustic transducer concerning this invention. This piezo-electric mold 
electroacoustic transducer consists of a rectangular diaphragm (layered product) 
30, and the case 40 and the back lid 41 of the square shape which held this 
diaphragm 30. The sound emission hole 42 was formed in the top face of a case 

40, and the back lid 41 has pasted the opening. The level difference-like 
supporters 42a and 42b are formed in the medial surface of two sides which a 
case 40 counters, and two sides by the side of the shorter side of a diaphragm 
30 are supported by the supporting agents 43a and 43b, such as adhesives, on 
these supporter 42a and 42b. The braking hole 48 is formed in a different side 
face from the side face in which the supporters 42a and 42b of a case 40 were 
formed. Moreover, the closure of the clearance between two sides and cases 40 
by the side of the long side of a diaphragm 30 is carried out with the elastic 
encapsulants 44a and 44b, such as silicone rubber. The electrodes 45a and 45b 
for external connection are formed in the both-ends table rear face of the back lid 

41 , and the electrodes 45a and 45b of a front flesh side have flowed mutually 
through the inside of the through hole slots 46a and 46b formed in the both-ends 
side edge of the back lid 41. 

[0022] While the electrodes 45a and 45b for external connection and the 
electrode of a diaphragm 30 are mutually connected by slushing 
electroconductive glue 47a and 47b from the through hole slots 46a and 46b as 
shown in drawing 8 after pasting up the back lid 41 on the opening of a case 40, 
the through hole slots 46a and 46b are closed. Thereby, a piezo-electric mold 
electroacoustic transducer is completed. 



[0023] As shown in drawing 9 and drawing 10 , as for the diaphragm 30 of this 
example, the laminating of the two-layer electrostrictive ceramics layers 31 and 

32 is carried out, the principal plane electrodes 33 and 34 are formed in the front 
flesh-side principal plane of a diaphragm 30, and the internal electrode 35 is 
formed among the ceramic layers 31 and 32. As a thick wire arrow head shows 
to drawing 10 , in the thickness direction, polarization of the two ceramic layers 
31 and 32 is carried out in the same direction. 

[0024] In this example, the principal plane electrode 33 on a side front and the 
principal plane electrode 34 on a background are the shorter sides and these 
width of face of a diaphragm 30, and are formed a little shorter than a long side, 
and that end is connected to the end-face electrode 36 formed in one shorter 
side side edge side of a diaphragm 30. Therefore, the principal plane electrodes 

33 and 34 of a front flesh side are connected mutually. The internal electrode 35 
was mostly formed in the symmetry configuration with the principal plane 
electrodes 33 and 34, it is separated from the end of an internal electrode 35 of 
the internal electrode with the above-mentioned end-face electrode 36, and the 
other end is connected to the end-face electrode 37 formed in the shorter side 
side edge side of another side of a diaphragm 30. In addition, the end-face 
electrode 37 and the flowing narrow width auxiliary electrode 38 are formed in 
the vertical side of the shorter side side edge section of another side of a 
diaphragm 30. 

[0025] The above-mentioned end-face electrode 36 or the principal plane 
electrode 34 on a background is connected with electrode 45a for external 
connection by electroconductive glue 47a like drawing 8 , and the end-face 
electrode 37 is connected with electrode 45b for external connection by 
electroconductive glue 47b. And crookedness vibration of the diaphragm 30 can 
be carried out in die-length bending mode by impressing a predetermined 
alternation electrical potential difference among the electrodes 45a and 45b for 
external connection. That is, crookedness vibration can be carried out, being able 
to use the shorter side side both ends of a diaphragm 30 as the supporting point, 



and being able to use the center section of the longitudinal direction as a 
maximum amplitude point. 

[0026] Since only a core serves as a maximum amplitude point, in the case of a 
circular diaphragm 1 like the 1st example, the displacement volume is small, and 
sound conversion efficiency is comparatively low to it. Moreover, since the 
perimeter of a diaphragm 1 is restrained, a radius dimension will become large, if 
a frequency tends to become high and it is going to obtain the piezo-electric 
diaphragm of a low frequency. On the other hand, since in the case of a 
rectangle diaphragm 30 like the 3rd example a maximum amplitude point meets 
the center line of the die-length direction and exists, the displacement volume is 
large and high sound conversion efficiency can be acquired. Moreover, although 
the die-length direction both ends are fixed, since a diaphragm 30 can displace a 
part in the meantime freely with the elastic encapsulants 44a and 44b, it can 
obtain a low frequency compared with a circular diaphragm. On the contrary, a 
dimension can be miniaturized if the same frequency is obtained. 
[0027] Drawing 1 1 shows the 4th example of a diaphragm which is a modification 
of drawing 10 . Although drawing 10 showed the example whose internal 
electrode 35 is a partial electrode, in drawing 1 1 , it considers as a whole surface 
electrode. In this case, since the internal electrode 35 is prolonged in the end- 
face electrode 36 side, there is a possibility that an internal electrode 35 and the 
end-face electrode 36 may flow. Then, an insulating layer 39 is first formed in the 
end face of diaphragm 30\ and the end-face electrode 36 which makes it flow 
through the principal plane electrodes 33 and 34 of a front flesh side is formed on 
it. Thereby, even when an internal electrode 35 is used as a whole surface 
electrode, an internal electrode 35 and the principal plane electrodes 33 and 34 
can be insulated certainly. 

[0028] Drawing 12 shows the 5th example of a diaphragm. The diaphragm 50 of 
this example carries out the laminating of the three-layer electrostrictive ceramics 
layers 51-53, the principal plane electrodes 54 and 55 are formed in the front rear 
face of a diaphragm 50, and internal electrodes 56 and 57 are formed among 



each ceramic layers 51-53. As a thick wire arrow head shows, in the thickness 
direction, polarization of the three ceramic layers 51-53 is carried out in the same 
direction. 

[0029] The principal plane electrodes 54 and 55 of this example are the shorter 
sides and these width of face of a diaphragm 50 like drawing 10 R> 0, and are 
formed a little shorter than a long side, and that end is connected to the end-face 
electrode 58 formed in one shorter side side edge side of a diaphragm 50. 
Therefore, the principal plane electrodes 54 and 55 of a front flesh side are 
connected mutually. It is separated from the end of internal electrodes 56 and 57 
with the end-face electrode 58, and the other end is connected to the end-face 
electrode 59 formed in the shorter side side edge side of another side of a 
diaphragm 50. Therefore, internal electrodes 56 and 57 are also connected 
mutually. In addition, the end-face electrode 59 and narrow width auxiliary- 
electrode 59a through which it flows are formed in the vertical side of the shorter 
side side edge section of another side of a diaphragm 50. 
[0030] For example, if the electrical potential difference of minus and the 
electrical potential difference of plus in the end-face electrode 59 are impressed 
to the end-face electrode 58, the electric field of the direction shown by the thin 
line arrow head of drawing 12 will arise. Since the internal electrodes 56 and 57 
located in the both sides of the ceramic layer 52 which is an interlayer at this time 
are the same potentials, electric field do not produce them. Since the direction of 
polarization and the direction of electric field are the same directions, the ceramic 
layer 51 on a side front is shrunken in the direction of a flat surface, and since the 
direction of polarization and the direction of electric field are hard flow, the 
ceramic layer 52 on a background is extended in the direction of a flat surface. 
And an interlayer 52 is not expanded and contracted. Therefore, a diaphragm 50 
is crooked so that it may become a convex to a lower part. If an alternation 
electrical potential difference is impressed between the end-face electrode 58 
and 59, a diaphragm 50 can produce crookedness vibration periodically and can 
generate the sound of big sound pressure by this. In addition, in drawing 12 , 



although internal electrodes 56 and 57 were used as the partial electrode, it is 
good also as a whole surface electrode like drawing 11 . 
[0031] It is the same as that of the manufacture approach of the diaphragm 1 of 
two-layer structure which also showed the above manufacture approaches of the 
diaphragm 50 of a three-tiered structure in drawing 4 . That is, an electrode layer 
is formed in the front face of the ceramic green sheet of a mother substrate 
condition at a pattern predetermined by technique, such as printing, the three- 
sheet laminating of this ceramic green sheet is carried out, and it is stuck by 
pressure. It pierces or cuts into the configuration corresponding to a diaphragm 
50 from this layered product, coincidence baking of this punching or cut layered 
product is carried out, and a sintering layered product is obtained. Next, the 
principal plane electrodes 54 and 55 are formed in the front rear face of a 
sintering layered product, and all the ceramic layers 51-53 that constitute a 
layered product are polarized in the same direction in the thickness direction by 
impressing polarization voltage to these principal plane inter-electrode. Then, a 
diaphragm 50 is obtained by forming the end-face electrodes 58 and 59 etc. 
Since what is necessary is just not to connect internal electrodes 56 and 57 and 
the principal plane electrodes 54 and 55 mutually on the occasion of polarization 
in this case, and to impress an electrical potential difference between the 
principal plane electrode 54 of a front flesh side, and 55, polarization processing 
is easy. 

[0032] Drawing 13 shows the 6th example of a diaphragm. Although the example 
of drawing 12 R> 2 showed the example whose three-layer ceramic layers 51-53 
are the same thickness mostly, in drawing 13 , the middle ceramic layer 52 is 
thickened compared with the ceramic layers 51 and 53 of a front flesh side. As 
for especially the thickness of the middle ceramic layer 52, it is desirable to carry 
out to 50% - 80% of the thickness of whole diaphragm 50'. In addition, since 
other structures are the same as that of drawing 12 , duplication explanation is 
omitted. 

[0033] Drawing 14 shows change of the sound pressure when changing the rate 



of the thickness of the middle ceramic layer 52. An axis of ordinate is the ratio of 
the sound pressure when setting sound pressure of the diaphragm (refer to 
drawing 10 ) of two-layer structure to 1, and an axis of abscissa expresses the 
rate of the thickness of the middle ceramic layer 52 to the thickness of whole 
diaphragm 50\ In addition, sound pressure was measured on the conditions that 
applied voltage is certain, uniformly [ the thickness of whole diaphragm 50' ]. 
[0034] It turns out that sound pressure rises compared with two-layer in the case 
of three layers so that clearly from drawing 14 . Moreover, when an interlayer's 
thickness is made into 50% - 80% of the whole compared with the case (33%) 
where all three layers are the same thickness, sound pressure rises further. 
When an interlayer's thickness is especially made into 60% - 70% of the whole, 
the greatest sound pressure (it compares with two-layer and they are 1.6 times) 
can be obtained. Therefore, when the number of laminatings has constraint, 
sound pressure can be raised by enlarging an interlayer's thickness to the 
maximum, lessening the number of laminatings (three layers). 
[0035] Drawing 15 - drawing 17 are the 7th example of the piezo-electric mold 
electroacoustic transducer concerning this invention, and show the example 
constituted as a piezo-electric earphone of a surface mount mold. This piezo- 
electric earphone consists of a diaphragm (layered product) 30 of a profile and a 
rectangle, a case 60 of the square shape which held this diaphragm 30, and a 
top cover 68 that has the sound emission hole 69. Since the diaphragm 30 is the 
same as that of what was shown in drawing 9 and drawing 10 , it has attached 
the same sign. A case 60 is formed with heat resistant resin, such as LCP (liquid 
crystal polymer), SPS (syndiotactic polystyrene), PPS (polyphenylene sulfide), 
and epoxy, and the top cover 68 is also formed with a heat-resistant ingredient or 
ceramics, such as a liquid crystal polymer or glass epoxy. Opening 61 was 
formed in the top face of a case 60, and the top cover 68 has pasted this top-face 
opening 61. The level difference-like supporters 62a and 62b are formed in the 
medial surface of two sides which a case 60 counters, and insert molding of the 
electrodes 63a and 63b for external connection is carried out so that it may 



expose to the top face of these supporters 62a and 62b, and the lateral surface 
of a case 60. It consists of metal terminals which consist of Au, a Cu alloy which 
performed Sn plating, Fe, etc. as these electrodes 63a and 63b for external 
connection, for example. The braking hole 64 is formed in a different side face 
from the side face in which the supporters 62a and 62b of a case 60 were formed. 
[0036] Two sides by the side of the shorter side of a diaphragm 30 are supported 
by the supporting agents 65a and 65b, such as adhesives, on supporter 62a and 
62b. Moreover, the closure of the clearance between two sides and cases 60 by 
the side of the long side of a diaphragm 30 is carried out with the elastic 
encapsulants 66a and 66b, such as silicone rubber. And the end-face electrodes 
36 and 37 prepared in two sides by the side of the shorter side of a diaphragm 30 
are electrically connected with the electrodes 63a and 63b for external 
connection exposed to the top face of Supporters 62a and 62b by conductive 
paste 67a and 67b, respectively. In addition, it is better to perform it, after 
spreading of supporting agents 65a and 65b and the elastic encapsulants 66a 
and 66b pastes up a diaphragm 30 and the electrodes 63a and 63b for external 
connection by conductive paste 67a and 67b. And heat hardening of conductive 
paste 67a and 67b, supporting agents 65a and 65b, and the elastic encapsulants 
66a and 66b may be performed to coincidence. 

[0037] Drawing 18 is the 8th example of the piezo-electric mold electroacoustic 
transducer concerning this invention, and is the modification of the example 
shown in drawing 15 - drawing 17 . In this example, it was not inserted to a case 
60, and the electrodes 63a and 63b for external connection insert in hole 60a of a 
case 60 the metal terminal formed in another object, and paste up. Since other 
structures are the same as that of drawing 15 R> 5 - drawing 17 , they give the 
same sign to the same components, and omit explanation. 
[0038] Drawing 19 - drawing 21 are the 9th example of the piezo-electric mold 
electroacoustic transducer concerning this invention, and show the example 
constituted as surface mount die parts. In this example, it replaces with the 
electrodes 63a and 63b for external connection which consist of an insertion 



terminal in drawing 15 - drawing 17 , and considers as the electrode layers 63c 
and 63d formed by the dry type galvanizing methods, such as the non- 
electrolyzed wet galvanizing method or a spatter. In this example, from the 
external surface of the flank which formed the supporters 62a and 62b of a case 
60, electrode layers 63c and 63d are missing from the top face of Supporters 62a 
and 62b, and are formed continuously. Since other configurations are the same 
as that of the thing of drawing 15 - drawing 17 , they give the same sign to the 
same components, and omit explanation. 

[0039] In addition, in the example shown in drawing 15 - drawing 21 , it is 
possible as a diaphragm not only the diaphragm 30 shown in drawing 9 and 
drawing 10 but diaphragm 30' shown in drawing 11 , drawing 12 , and drawing 13 
and to also use 50 and 50'. 

[0040] Drawing 22 is the 10th example of the piezo-electric mold electroacoustic 
transducer concerning this invention. This example is a modification of the 
example shown in drawing 7 , gives the same sign to the same part as drawing 
7 , and omits explanation. Drawing 22 is the perspective view seen from the 
background, and the level difference-like supporter 42 is formed in the medial- 
surface perimeter of case 40'. The top face of these supporters 42 is formed in 
the same height, and the four-side perimeter of a diaphragm 30 is supported by 
the supporting agents 43, such as adhesives, on the supporter 42. Although it is 
used as a sound producing device in the single frequency of for example, a 
piezo-electric sounder etc. and the perimeter of a diaphragm 30 is restrained by 
the supporting agent 43, by using a diaphragm 30 in a resonance field, this 
example can be excited strongly and can obtain the amount of Oto. 
[0041] Drawing 23 is the 11th example of the piezo-electric mold electroacoustic 
transducer concerning this invention. This example has the almost same 
structure as the example shown in drawing 15 - Fig. 1717 , gives the same sign 
to drawing 15 - Fig. 1717 and an intersection, and omits explanation. In this 
example, the level difference-like supporter 62 is formed in the medial-surface 
perimeter of the case 60 of a square shape, and all four sides of a diaphragm 30 



are supported by the supporting agents 65, such as adhesives, to the supporter 
62. This example is also an example used as a sound producing device in the 
single frequency of a piezo-electric sounder etc., and a diaphragm 30 is used in a 
resonance field. 

[0042] This invention is not limited to the above-mentioned example, and can be 
variously changed in the range which does not deviate from the meaning of this 
invention. Although an internal electrode and the flowing end-face electrode are 
formed in the end face of a diaphragm and it was made to pull out to the exterior 
through this end-face electrode in the above-mentioned example, it does not 
restrict to this. That is, an internal electrode may be pulled out to the exterior 
through a through hole like JP,61-205100,A, and you may pull out to the exterior 
through slit-like a slot or a hole. Although the manufacture approaches of 50 and 
50' are the diaphragms 1 and 30 of the above-mentioned example, 30', and a 
thing that carries out polarization processing of this sintering layered product for 
a ceramic green sheet through an electrode layer two sheets or after carrying out 
a three-sheet laminating, carrying out coincidence baking of this layered product 
and obtaining a sintering layered product, they may be replaced with this 
approach and may carry out laminating adhesion of two sheets or the three 
electrostrictive ceramics plates which calcinated beforehand and carried out 
polarization processing, however, since the thickness of a diaphragm is boiled 
markedly, and the manufacture approach of the former calcinated behind a 
laminating can make it thin compared with the approach of the latter which 
carries out the laminating of what was calcinated beforehand and can enlarge 
sound pressure, it can obtain the diaphragm the direction of the former 
manufacture approach excelled [ diaphragm ] in sound conversion efficiency The 
diaphragm of this invention may stick reinforcement sheets, such as a metal film 
and a resin sheet, on one side of what [ not only ] consisted of only 
electrostrictive ceramics layers but a layered product. However, this 
reinforcement sheet is for preventing the crack of a layered product etc. unlike 
the metal plate of a uni-morph mold diaphragm, and what does not check 



crookedness vibration of a layered product is desirable. 
[0043] 

[Effect of the Invention] By the above explanation, according to invention 
according to claim 1, a principal plane electrode is formed in the front rear face of 
a layered product which consists of two-layer or a three-layer electrostrictive 
ceramics layer so that clearly. Since the internal electrode was formed between 
each ceramic layer and all the ceramic layers were polarized in the same 
direction in the thickness direction The ceramic layer on a side front and a 
background will expand and contract to hard flow, and if an alternation signal is 
impressed between a principal plane electrode and an internal electrode, a 
layered product will produce crookedness vibration as a whole. Since this 
amount of displacement becomes large compared with a uni-morph mold 
diaphragm, sound pressure also increases. Moreover, since polarization of all the 
ceramic layers is carried out in the same direction in the thickness direction, the 
complicated interconnect between the principal plane electrodes and internal 
electrodes like before is unnecessary, structure is [ that what is necessary is just 
to impress an alternation signal between a principal plane electrode and an 
internal electrode ] easy, and a manufacturing cost can be reduced. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the appearance perspective view of the 1st example of the 
piezo-electric mold electroacoustic transducer concerning this invention. 
[Drawing 2] It is drawing of longitudinal section of the piezo-electric mold 
electroacoustic transducer shown in drawing 1 . 

[Drawing 3] It is the perspective view of the diaphragm used for the piezo-electric 
mold electroacoustic transducer of drawing 1 . 

[Drawing 4] It is drawing of longitudinal section of the diaphragm shown in 
drawing 3 . 

[Drawing 5] It is the appearance perspective view of the 2nd example of the 
piezo-electric mold electroacoustic transducer concerning this invention. 
[Drawing 6] It is drawing of longitudinal section of the piezo-electric mold 
electroacoustic transducer shown in drawing 5 . 

[Drawing 7] It is the decomposition perspective view which looked at the 3rd 
example of the piezo-electric mold electroacoustic transducer concerning this 
invention from the background. 

[Drawing 8] It is the sectional view of the piezo-electric mold electroacoustic 
transducer of drawing 7 . 

[Drawing 9] It is the perspective view of the diaphragm used for the piezo-electric 

mold electroacoustic transducer of drawing 7 . 

[Drawing 10] It is the sectional view of the diaphragm of drawing 9 . 

[Drawing 1 1] It is the sectional view of the 4th example of the diaphragm 

concerning this invention. 

[Drawing 12] It is the sectional view of the 5th example of the diaphragm 
concerning this invention. 

[Drawing 13] It is the sectional view of the 6th example of the diaphragm 
concerning this invention. 

[Drawing 14] It is the property Fig. showing the relation between the thickness of 



the interlayer of the piezo-electric mold electroacoustic transducer using the 

diaphragm shown in drawing 13 , and sound pressure. 

[Drawing 15] It is the perspective view of the 7th example of the piezo-electric 

mold electroacoustic transducer concerning this invention. 

[Drawing 16] It is the decomposition perspective view of the piezo-electric mold 

electroacoustic transducer shown in drawing 15 . 

[Drawing 17] It is the A-A line sectional view of drawing 15 . 

[Drawing 18] It is the decomposition perspective view of the 8th example of the 

piezo-electric mold electroacoustic transducer concerning this invention. 

[Drawing 19] It is the perspective view of the 9th example of the piezo-electric 

mold electroacoustic transducer concerning this invention. 

[Drawing 20] It is the decomposition perspective view of the piezo-electric mold 

electroacoustic transducer shown in drawing 19 . 

[Drawing 21] It is the B-B line sectional view of drawing 19 . 

[Drawing 22] It is the decomposition perspective view of the 10th example of the 

piezo-electric mold electroacoustic transducer concerning this invention. 

[Drawing 23] It is the decomposition perspective view of the 1 1th example of the 

piezo-electric mold electroacoustic transducer concerning this invention. 

[Description of Notations] 

1, 30, 30\ 50, 50' Diaphragm 

2, 3, 31, 32, 51-53 Ceramic layer 

4, 5, 33, 34, 54, 55 Principal plane electrode 
6, 35, 56, 57 Internal electrode 

10 60 Case 

11 [] Back Lid 
62a, 62b Supporter 

63a, 63b Electrode for external connection 
65a, 65b Supporting agent 
66a, 66b Elastic encapsulant 
67a, 67b Conductive paste 



68 [ ] Top Cover 

69 [] Sound Emission Hole 
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Ofc&OTAQ . iiJ&iffi 1 <£*l&£i5i<: i*£®£Si 4 , 
5 sWEMJt* ft. «iz v I ? $ *Ja 2 , 3 ©felccliFSSSSS 

cc^g^fttv*,, 

[0 0 16] CfiDgOfeWCtt, *«I©£B««4 &S0 

osamsst*. nsfrffi i owtajco^hsii^Ki 

■EfiSSft, <t-©3ISj§64a, Sa$mti)tiLl<D9\>m& 
*«l*H]S*VCl*4. P3g|i^S6^S®^4, 5t 
lsa«»»l*(C KM 3 ft. 6 ©6 1 ffi^Si 6 a It 

±!29lffiSS4 a. 5 a fca^fM4BMiaiB3ft, 
■iBK«»6ft&JiH«B7K:j6*Sftrc»&. ftfc, 
iaffifB&74>-~&t*&lME 10>StaiB*l?5l*iti3ftt: 
1-4. ±IS?iai*S4a. 5 a 1 e>ccj: 

eK^^ra^Mittliiaftrc^. 

3, i 4<Dm(cmmo>y.^mi£^mr^ct^. sm 

[0 0 17] fliU*— Itatiflffl 3KW :f*©«E, 
&#©^14K:/5A©SE«Pto1"*<t, H4©.^ 

3i*. ^fi-^rtiiSS^fiiiAW— **T*ftk#¥ffl* 

*>fttf*ffl*fB|te{4iU f 4ttH«:Wr4©r\ *»l<Zrfe5 
' * * »AJI2»tt» t mm*? * i *AJ83k*Mu>'4 

v4«*:^CcaeT4. S^l 3, 1 4tt£PftiT4SE*: 
SMEtT fttf. 1 tOTffinKJBtt&3££ 
IV . c ncc J: o *C;fc ft fttfE0>*Sr&4"3* 4 C £ * 
4. 

1 0 0 18] iiaSMSJ: 0 ft4S#>« 1 5 ft* 

STCSBSSft*. ?ft:b*>. ^-SSI*!*^** 
» $r 'J h®ftB£«&at*EiMtt if©* St* 



(4) WB2 0 0 1 - 9 & 09 4 
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4, tt^fc*£fci*a? h3ftfcffiJg#£HB#:M 
•iSl,?»£ffiBf*&8*. SXCC, tttiMtt<D«lt£B 
CC£BSS6]E?g£Ij > C ft £>£ffl^Si[f50C $ft3gl±&6n 

&@**ifiitcfec»rii]"-*rBitc»S , r4. *£® 

«B7fttf*B*U SS*fi!«rff4. 
[0 0 19] ig2«aS*4-CI*, ?RB<?ftA:^1f-StS 

10 ftAO. ^OftT^HttMC/fc^, SBSSftfe-te 

[ 0 0 2 0 ] B 5 , B 6 »*Jfe«iC*43&»4E«B«»* 
»«JRS0[)gr2*tfE««:^To 01. B2t*t*. 

1 OKflCSftfctl? 13.14 «rffl^riBf|p(E 1 C?>^ 
S*j1-«^?lfiraiUfe^. B5. H8*Cli»J-F«S2 

20 2 0.2 1 MRSHS 1 ©gffi»J©^iB«S5 i^S^S 
7 tK^fteft^ffl^SttfitSWft ta>»^«l £ 2 , 

2 3<Cj:- ? r««Sft4. *©fc». SS<D^iB*S 
4 . 5 «r««14SSSiJ«:ffic ^rtlfflC »HS O X h £ C * 

[0 02 1 ] B7. H8i**|fe«cc^^4ESS3Sa» 

30 3*VCt'4„ i r -^4 (l©±ffltCJifc**C4 23^».«S 
ft. Tffl^PSP^aS4 l^»aSft*CC-4 0 ^-a4 

o ©*t(fii^ 4 z &<om\&wm^ft<o%&m 2 a , 

4 2bft*1&A3ft, Cftf>Sf#^4 2a, 4 2b±ccii 
fii^ 3 0 0>Si2Hito2 jad^SWft i'©3:f#«4 3 a , 

4 3 bccj:-?'c2:»$ft^c»4o *--*4 o©a:»»4 

2a. 4 2b«R»fctfB^ttRft4«Bcc». UWL 

iat fr- x 4 o £mhs ^ y ^ - > ^ ft 

lh^i44a, 4 4btCj:^*CSiil:$ftC^4o H&4 1 
40 ©B«iA«B^I&f«tttitn«S4 5 a , 4 5 b *H8 
ASftr^O. «XOSB45a. 4 & bi*ft£4 14> 
H«SP»J»ccJMSftfc^^-*--^!»4 6 a, 46 b 
©P9S^/r l*x imtc&m bx c - 4. 
[0 02 2] HS4 1 **-*4 O0TTHBQ*C*tt 
1/fcH, B8*C>Rf J:f>«c^-*-il'*4 6a, 4 6 
b^%«SttJ8S»4 7a. 471) eSklo&trC it?, 
?fSPS6tasSS4 5a, 45b iii^i^3 OMI^ 
♦BS«:#(*^ft4ii*>«:. A.W-.'H#4 6a, 4 
6 b ^frl o ?=>ft 4o C ftic J: »J , E«SKa^eXtt9 
50 ^s)cf 4 0 
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[ o o 2 3 ] c (o^ntm/sam 3 o & s 9 . bio 

fcSTJr^tC. 2Js<DE«-fe?* vtzmZ !. 32& 
Uft fcorAQ , ii53)&3 0 0Jt8±nlcctt£jBS 
S3 3, 3 4 jMRDIS ft. -fe5* ?**B3 1. 3 2<D 

raec o^mis 3 5 jmws nr 1*4.2 - wfe 5 * * 

**S3 1 , 3 2li, H 1 OK**55BVC5i'r J: 5ic« 

[ i) 0 2 4 ] C CDjBfcfl-Ctt, *M®£a!«&3 3 £5 
N®£am&3 4l*, SM63 0«MfiaiH«t?*»*P* 

**VCC*4 0 Rg|i^S3 5^ffl^fii3 3, 34£t3:tf 

S 3 6 & (Urc 0 , «tfiiJ&}£ 3 0 fl>tttf ©*si2«M 
iU(ciBASii3rd>SSflS3 7u:ttttSn'CW4. ft 
to. tWfi3 0CD**OJS3«IH«W!)±Tffl*C«. 4SB 
M3 7 ^«ar«IMaMUMft3 8*SA£*YCl' 
4. 

[ 0 0 2 5 ] JhlBttiB«& 3 6 5 fc&lifliJ<0£®S&3 
4 tt. H8<D«fc5lC«814iS#$iJ4 7 aCCjrvCftMi* 
4 5 a <L««*3*v ^M^S 3 7 \mm±&M 
#14 7 I) tCj: ->'C^«»ttffi«S4 5 b <t#Ste<va' 
4. *(./T\ #S|S#^«8!4 5 a. 4 5b«WBfc»r* 
©SaSE*8)»W4Ci*C 1 SflK3 0**3^>r 
^>^-rcSft«ttSl*4Ci^C*4o tSto 
*. «tttS3 0CKSia«JilS««rS:jSiO, ^*|6]© 

4. 

[0 02 6] **6«© J: 5 ft RKSiME 1 ©tKrtc 
I*. +^^^S^iiill^i^4A:^, Sfeftg^/h 

H#»*3ft4©"C\ JM»#S<ftO, ISt*MSt&© 

Ctiteftl/, 9 3**fE«© J: 5 ft«»KlME3 0 
tdi* . £7d^|£.#£ $ #flw>4Mtf9K -7 r ff 4 
cor-. jfcti#fli#;fc&<. <c«*ffiKlKtt*<rff4c:^ 
a*c#4. *fc. WkS3 0tt*o*a*iaiSI«»Wi 
S£ft4#, «CMC[>«^tin(ytJk«4 4a. 44b 

[ 0 0 2 7 ] B 1 it*, B 1 Ofl>StRWC*&. 
OS4S*«S:5sr. HI Or-ltrt8Wft3 5^»»e 
«T*6*1*SU&# % Bl lTi*±ifiS«±l,fc<>0!> 
t*4. CG»£tCU:, A#SS3 50il!fflSfi3 6fll 
affiRm**©*, rtSMB&3 5i«ffi*5«3 6£# 

«iiuroa5sn^*4. *cr. ffi«MS3 0" o$g 

3 3. 3 4-$r^5i$1t4^S^S3 6^.^(.^c^X v 



(5) WB2 0 0 1 -95094 

A4. CWCJO, rtfflsa3 5*±ffiSSiUdI^ 
rt»SB3 5±£ffi*«3 3. 3 4 4<rWK*C|B 

[ 0 0 2 8 ] Bl 2 MSA(E0S5*iMl«:CT?. Cfl) 
*tSPII(Dii-flK 5 0 tt, 3 SC^E^-fe 7v^^5i 
■^5 3&ffilSUfck<Dt i *9, &IME5G0&XifitCli 
3EBB&5 4. 5 5#«tt3n, ^7v;^15 1 
-5 3G>B(Ctt|*riI«&5 6, 5 7 
3"?0CHr? * * >AH5 1 ^5 3l**««nT«*\J: J * 

[ 0 0 2 9 ] C ©gte«©£ffi®S5 4 . 5 5 1*. d) 1 
0 (L|si»tc£-gjS5 0«MSiStiai«X-*-oJbaJ: 0^ 
SS < ffr& $ n. *©-«8ttSlMS 5 0 <^i2tMS 

«>. Ka4>±ifi£85 4. 5 5l**8E«*l*3IVCt* 
4. AttSS&6, 5 7©-«Htl«B*S5 8i(Snr 

ft5 6, 5 7tlBSiC»iS5nrC'4. ft to, msi)ffi5 
20 0©»#CMaafflBSa©±TBtc«. *g®^S5 9i^ 
aT45ffl«ift«a«ffi5 9 a 
[0 03 0 ] PU^l^, ttfi3S5 8KW*X<ESE, 
ffi25*S5 9<C^A©fiE*eo*li'r4i, IH120>W 

«xenr'*r*flK0^»^4c/4o c«#, ^r^^r*^ 

5 7OT-«iax?**fc». p*5tW/l'. «BCE>* 
aS 5 1 tt^S^ntWI^WiaWl-^lfilt 1 
*4fcK> 3 Fffl^fB!tctti>. gftito-b^ 5 v ^Al52ii 

30 o'4. +fella5 Si*i*o'St*Uftc* 0 *©fc 

«>. tMME5 0«T*^fltft*J:9<cJBft'r4. ^® 
5 8 , 5 9 B^.y.S«E«r£P*Drtll*, 3iitt§5 0 

*€«Str 4C<L^r-*4. ftto, Bl2T?ti. 

5 7«:SS»SSiUc*5, Bl l^^^ffl 

[ 0 0 3 1] ±120 J: 3S«£©»ttfi5 0 
*Sib, H4K5RUfc2»lii36«I>Mail*l©IJa**fei 
IHtM'C<fo4 0 tft*>fc, T^-JHSttfito-b^S 
40 y - > r CKB^SCMCrEIUEIIft £(K>^ft*CKC<D 

4. Sec, ttttSJs<*<0*8ffltc^ffiSS5 4. 55* 

■C. Sg<**mfi3^ 4^CCC-te^ 5 ^ ^X/g5 1 -5 3 

«ff5 8. 5 9ft4r*ra*r&C^C. Sft1R5 0*fi 
SO 4, ^ftCcr«U, Atf«B5 6 v 5 7i^ 
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BttS 4 , 5 5 £*tBEKtf^r . 
<0£ffiSS5 4. 5 5B«:«ffi«rBliB'r&K»"CJ:l'fl> 
X\ £Sea#B*r*«. 

2©«l*«lttt3JBC!)-b9 s * *AB5 1 -5 3#ftB 

* *g 5 2 ^«fi©-b-7 5 v *AB5 1 , 5 3 ICtt* 

2©Jl^ii, MHE5G' O£tt4>0#0>5OK'<"8O 
96d:T«CM4»UC* 0 fifeOSSt*@ 1 2 ill* 

[0 03 3] 01 4»**BHs? * ?2*Js5 2<E/i*S> 

al©MMS (0 1 0#IH> 1 4<./fcH#©*E<Z> 

(Mfe^* ?**Js5 2<£J?*<DSI££S'ro -tt4<5, § 
Ei*. SSMS5 0" ©£|*©»MMeT\ ^EfllJD^ 

[0 03 4] 01 4ri>6^£*>fr 2/si^tk^r 

3««w^(ca*s«s±«<r«c^^^&. 3 

■T^r*Hai-W*'Cab*»d (3 3») cctt^-c, ^ 
■■©J»**I*«E>5 0%-8 0%4 l>fc«£tt(* t $ 
&fc*E*i±#*-r*. *BJS©Jl**^(*«-6 0 
^-7 0*64 L**5£K£*<D^E ( 2Jscctt*<X 1 - 
6f&> **«C£*'C&&. ffiMH£tt& 

(3S> l/fta^e, §E£fe*Mrc±tf& 

[ 0 0 3 5 ] m 1 5 -B 1 7 t**«B«:a>*>&E«a!« 

SB£l/T«*Ufc«**T. C<DE**S»*. * 
BS. <«■!*> 3 0 4. Cfl>fisa»3 0 

4tt*l/feftB©*---A8 0 4, ft* ?L6 9£*!"f&± 
«6 8 4tHWl3n-CC**. SfME3 0l*B9. BIO 

cc*£nfc«»0£B4rcft«fci&, RMWirtLr* 

*-A6 0tt, «;U*LCP <aft#»J^-), s 
PS (*'>^**£*?£#li**b>> , PPS <# 
^^l,>t^7 T 0"), J- * f & 4 rcMHttlitH 

n. C(&±fflSD«6 lK±S6 8#iS#sn'CC>*. 
*r - * 6 0 ©*i[S]T £ 2 2©rt fljffltc i*KMt*©5f#» 
6 2a. 6 2b*%jttSiv cn&*tttf8 2a. 6 2 
b ©±B 4 Jr - * 6 0 (MHHB 4 cc3£Wf & J: 5 K , ?f 
^tt«SS6 3a. 6 3b:0W>*-K««S<vCl* 
6. £^tt8$JaSS6 3 a . 6 3b4l/tTi*. 
IjlAu, Sn/^^teUCu§#. F ett£d>&& 
6ABB?rttA8n« t 0C«fS«B 2a. 

6 2b tttttfcflmt IM&6flmK<*. HAA 6 4# 
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[ 0 0 3 6] f!g)tS3 0®S5i3fl!lG>2 21*. £»tf6 2 
a. 8 2 b±te»S#Jw4'©S:j#*J6 5a, 6 5btcj: 

vc£j#$4va>*o *fc. iBiM53o<Daia«c-2a 

4 Jr - A 6 0 4 lis-' "J 2 - > saw 4 "©Jt ttMjk 
g"J6 6a , 6 6MCJ: vc£lit£nro£ 0 & 
SitS 3 0 <£:<aZ>fl]<Z> 2 KM* &nfc«B^fi 3 6,3 
7tt. *8»*-*h6 7a, 6 7 bfc J^rSMfte 2 
a. 6 2b©±fficcffitab^fiB«ttfflSS6 3a. 6 

io 3b4<-nen«»«tc««$nt:c^o ft*. $s#* 

6 5a, 6 5bfeJ:etfWittJkfl8 8a, 6 6b©*TS 
It. W«-*h6 7a, 87 btc£?rSIME3G4 
9fMtfUBBIIi83 a. 6 3b 46tt«l*fcft'Ctf ^tf 
0**1*. -e l/ C . * I* 6 7 a . 6 7b. 

6 5a, 6 5b4dJ:V9ttMjhM8ea. 6 6bCE>ftMi 

[00371 018 l^fiB(C^dE^«fii««ft 
ftB0»8*ttrtT?*O. 01 5 -0 1 7CCjn5tlfc«( 

o.«»«T**, cfl^ttwrii, «-gia*if*s*ai6 3 

20 a, 63 b#. ^-A6 0iC^>^- h^tifefeCC-r-ii 

rjr< . MflnceasnfefiBB^ft^-^e o©ae o 

5-01 7 4Ba-Cab^*), B-SPSccitB-^* 
[ 0 0 3 8 1 0 1 9 -B 2 1 tt*JfflK3tofr4E»a« 

rWrtofcBtaTo c©«tewt?tt. mi 5 -01 7 

a, 6 3bKft*r, «SWS3?«>->*S*>^^x^ 

6 3d4t/fct><E'f'6&, C0>«r'i*. ^ftli6 3c, 
6 3d^jr-X8 00>£i«n6 2a. 6 2 bimttttt 
S©«|-ffl^eSSa6 2 a . 6 2 D©±fflcc^*citifre 

ftK»«snt:<r»*, <-©fto«.«i*B i 5 -0i 7(d 

fc©iH*'C* hi* h , H-BAtc«psi-W4»«: fl 1/ r 

[ 0 0 3 9 1 «tiJ, ©15-021 ^^SflEPllKfec. 
r. KfHEtt/'CM:, 09, B 1 0*cS8nfc«fltS3 
0«:R6r, B 1 I . B 1 2, B ! 3<CftSnteK*fi 
40 3 0' , 5 0. 50' *ffl<r»6C44?Hi , C*& t 

[ 0 0 4 0 102 2 E^M^vf^ 

*asWa*^PI'Cab^ , 0 7 4B-»»KI*H-iW* 
I* b'CSWIltflWf *• 02 2 linH^^A^MtRBt? 
^r>. ^4 0" ©rtHlffi*BtCl|*«flS>3 r J»»4 2 

^B£$ni:(,^, cn€>Si#a4 2©iiffliiH-iS$ 
tcSMsnr4a D , ."5:j#s(J4 2 ±tctis§j& 3 o oc-4 
■*»8*Kf £©S:t#SiJ4 3cc J: ^C$5#S*vC<<>&o 

50 <0^&Ll>Xm*htlhh<F>X-h*) . fitt!E3 0O± 
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■#£KM4 3 -s -C»*Sn**t. li*irt£3 0*£ 

[ 0 0 4 I ] B2 3 Ji*ftWtC^^E€^SltlS-S: 
! 7^9Kr*ttPI&ftOntl4r«»S<:*U, 01 5-B 

xfcs&e 2 tcti or*fctSJft ft 6 5 ccj: ^rS 

[ o 042] *.^^±ta*jft«tcHtE$n&ib<z>fi* 
ft< . *Jffl©ttftiS«Lftt*aH , ca < »SBIOTI« 

sisitir j^tctsfc**, entail fft 

fc*>. MB 6 1 - 2 0 & 1 0 O^ftlWOJ: ^tc^Jl- 

±S2*tiSlfl©iitt« 1 . 3 0, 30" , 5 0, 5 
0 ' ODttitfSi*, -b 5 5 * * y U - > I 
&ftUT2lSSfcti3tStSIBU C©S@i*«:|S|SSfiiE.« 

i*©?****. COtfSKfM.'C. TOJWtl/JW* 

* ^ >AJifl»-C*IM«Stlte*>«E>tC|R€)r, «B1*fl>tt- 
p^@7 ^;WA^fi}«f- h ft±f©MB«/- h ett4 
ftWC BU C©M«S/-httii**5aUfi 
ttS©fkJB4Sii*Sft 0 . SS#<oatift^*p*Jt^* 

[ 0 0 4 3] 

[ ) Oh©«WCfl3 * 5 *c , I§*3g l 
x\ ® ^ffii p^sS i ccfei ic m -sf £ En.nc r n 

i$i b X fSSft^Jg O^CitC ft CO>K 

&£fc*JL^^7afitt«<ctb^r**< ft tor, # 



(?) (M2 0 0 1 -95094 

l? 

ft* ffi^S i A«8« 4 ®N4>WEtt IflEWfcW 7BT 1 

tcliX'J:<, mwmx. ttK3Xh*flHC-C«6. 
[B&0fi»&gftlJ] 

[B 1 ] *Ml^iMk6EU*3Kf HttlBCDill 1 I? 
IMo»f«»«BT>*&. 

[B2 ] H 1 K WE««»*«fcB©KIKBBr 

[as] *#fe?sec^*E*^a*»s:!as©s2S 

ftWC^fil^ttBf'*)*. 

[B6] B5<C^EM*»*«*BflMifa6f[iBH , r 

[B7] *»Wfe^*E*2l^t»i£feS©S3^ 

[B8] H7 ©ESai^gl*»iS:SftB©KfflB-C^& 0 
[B9] BTOE«CAlHRHI^l^ftil« 

[B10] BQOC-iittfioC'tSfifflBr'^'So 

[Bill *ftWtc^*HIW«l»4Safc«tol>ffflB 

[B 1 2 ] *%Wu:^^«Afi^&iyfE«^lKaB 

[B 1 3 ] ^WK^aW*Sfl!>JI6*lfc«flE>IISBB 

[B 1 4 ] m 1 3CCm^«SMS«ra^ft:E«M«glif» 
*JftB©*raB©)f^4#E4©ra»^t-4*14Bt:'^ 
30 £. 

[B 1 5 1 *^B^tC*^^E«ai@SltlS?dSB©^7 

*tePte>»-fSB-c** 0 

[B 1 6 ] H 1 5ccmrEW[l«a*BBttWB©»«» 
tiB^^o 

[B 1 7 ] H 1 5^>A - A^IU'C^io 

[Bis] *^wcc^*>*E@ai^git*iaasB^a 

[B 1 9 ] ^BcC3^«Ett«A*naiB«ir9 
SttWtoSitiB'C^&o 
40 [B 2 0 ] B 1 9 (CA^ESaSStHmBODAKa 
ilB^^o 

[B2 1 1 Bl 9(^>B-B««KfflB 4 C^&. 

[B2 2 ] *^B^cc^^ESa€Sl*»iSaaBcC'Ml 

0 «tMa>9NI4taB 

[B2 3 ] **Wcc^*E«a«a*1B3tftBCD» 1 

1 mzMvwnm® x&> *> 0 

1, 3 0, 30* , so, 50' \mu 

2, 3. 3 i, 32, 5 1 -53 Kyi v 
50 4, 5, 3 3, 34, 54, 5 5 
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■J*©»l«f *2fl«£»«:ir-XK:S»b, fife© 2 Si* 
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BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□fLINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



